A 42-year-old white woman presented to the emergency department with a one-week history of exertional nausea, dizziness and syncope. She reported no infectious symptoms and had no chest pain, palpitations, dyspnea, orthopnea or paroxysmal nocturnal dysp nea. She had no gastrointestinal symptoms other than nausea preceding the syncopal episodes.
The patient had a history of mild childhood asthma and two uncomplicated vaginal deliveries. She was not taking medications, had no allergies and did not consume recreational drugs or alcohol. Her family history was remarkable only for a cousin with a bicuspid aortic valve. Specifically, there was no family history of celiac disease or other autoimmune conditions. The patient had travelled to the Rocky Mountains five months before presentation but had not noticed tick bites.
Findings on physical examination were normal. The first electrocardiogram (ECG) at rest showed a right bundle branch block with first-degree atrioventricular block (Figure 1 ). Laboratory investigation showed normal results for complete blood count, electrolytes, and renal and thyroid function (Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.151043/-/ DC1). Troponin levels, C-reactive protein level, results of an autoimmune workup (including anti-extractable nuclear antigen, rheumatoid factor and anti-DNA antibody), angiotensinconverting enzyme level, complement levels and immunoglobulin profile were normal. The result of serologic testing for Lyme disease was also negative.
An exercise stress test induced symptomatic (dizziness and nausea) alternating right and left bundle branch blocks and several premature ventricular complexes. Results of echocardiography and coronary angiography were normal. Although cardiac magnetic resonance imaging (MRI) scans were suggestive of possible myocarditis (septal edema was observed), a gallium scan did not show abnormal cardiac uptake of radioisotopes.
An iron profile, undertaken to exclude cardiac hemochromatosis, suggested iron deficiency, with a ferritin level of 6 (normal 11-306) μg/L, despite a normal hemoglobin level of 126 (normal 120-160) g/L. Testing for tissue transglutaminase (tTG) antibodies, done as part of the iron deficiency workup, yielded elevated levels (tTG immunoglobulin A > 200 U/mL). A gastroscopy was done and showed scalloping of the duodenal folds ( Figure 2) . Duodenal biopsy confirmed a diagnosis of celiac disease, showing markedly increased intraepithelial lymphocytes and partial villous atrophy of the duodenal mucosa, which is consistent with Marsh type 3a celiac disease 1 ( Figure 2 ).
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While in hospital, the patient's cardiac monitor showed a highly symptomatic six-second pause with high-grade atrioventricular block ( Figure 3 ) after minimal walking. A pacemaker was subsequently inserted because of the increased frequencies of spontaneous alternating bundle branch blocks and prolonged sinus pauses.
After confirmation of celiac disease on duodenal biopsy, the patient started following a gluten-free diet. She experienced almost immediate resolution of her symptoms. Pacemaker interrogation showed 99% ventricular pacing before and 3.5% ventricular pacing five months after she started the gluten-free diet. The patient's resting ECG also returned to normal (Appendix 2, available at www. cmaj.ca/lookup/suppl/doi: 10.1503/cmaj.151043/-/DC1).
Discussion
Our patient presented with syncope secondary to conduction disease, which required pacemaker insertion. The differential diagnosis of conduction disease in her age group includes coronary artery disease, exaggerated vagal tone, medications, nonischemic cardiomyopathies and infectious causes (e.g., viral myocarditis and Lyme disease). Other possibilities include rheumatic and autoimmune disorders (e.g., systemic lupus erythematosus, giant cell myocarditis, ankylosing spondylitis and rheumatoid arthritis), infiltrative processes (e.g., amyloidosis, sarcoidosis, non-Hodgkin lymphoma and multiple myeloma) and degenerative diseases (e.g., Lenègre and Lev diseases). 1 There are no current guidelines for the investigation of conduction disease in healthy young or middle-aged adults. The basic investigation of such patients typically includes measurement of cardiac enzyme levels and of inflammatory and auto immune markers, as well as echocardiography and MRI to exclude cardiac infiltrative disease. The results of these tests were normal in our patient, apart from iron deficiency, which led us to investigate the possibility of celiac disease.
The patient's conduction abnormalities resolved after she began following a gluten-free diet. Although hemochromatosis is clearly associated with infiltrative cardiac disease that can lead to arrhythmia, there are no data suggesting that iron deficiency alone without anemia could be related to cardiac disease. Although there is some evidence in the literature that suggests an association between celiac disease and cardiac disease, we cannot ascribe causality between celiac disease and the conduction disorder in our patient, but rather a temporal association.
Celiac disease
Celiac disease is an immune-mediated mal absorptive disorder that occurs in about 1% of the general population and 5%-20% of their first-degree relatives. 2 Classic manifestations include recurrent diarrhea, weight loss, abdominal distention, iron-deficiency anemia and unexplained nutritional deficiencies (e.g., of fatsoluble vitamins, vitamin B 12 , folate and iron). 2 Screening for celiac disease is recommended only in symptomatic individuals or first-degree relatives according to the 2013 American College of Gastroenterology guideline. 2 Patients with celiac disease usually have positive IgA anti-tTG antibody levels; however, concomitant IgA deficiency can lead to false-negative results. In this situation, the American College of Gastroenterology guideline recommends measuring anti-tTG IgG levels or anti-deamidated gliadin peptide IgG antibody levels. Patients with a high probability of celiac disease or positive serologic markers should undergo a small-bowel biopsy for diagnostic confirmation.
2 These investigations should be completed without gluten restriction.
Cardiac conditions and celiac disease
Although uncommon, several types of cardiac involvement have been reported in association with celiac disease. These include dilated cardiomyopathy, myocarditis, pericarditis and conduction disease.
As shown in two large population-based cohort studies, patients with celiac disease are at increased risk of idiopathic dilated cardiomyopathy (hazard ratio [HR] 1.73, 95% confidence interval [CI] 1.0-3.0) 3 and atrial fibrillation (HR 1.34, 95% CI 1.24-1.44). 4 In a cross-sectional study, Frustaci and colleagues 5 found biopsyconfirmed celiac disease in 4.4% of 187 patients with myocarditis, as compared with 0.3% in the control group (p < 0.003). All nine patients had iron deficiency anemia without gastrointestinal complaints, and all had substantial improvement of cardiac symptoms after starting a gluten-free diet.
Rare cardiac manifestations of celiac disease in adults have been described in case reports and include pericardial effusion 6 and pericarditis. 7 Cases of heart block associated with celiac disease have been reported, but they were associated with other contributing conditions. In two separate case reports, patients were found to have atrioventricular block in the presence of both celiac disease and idiopathic pulmonary hemosiderosis. 8, 9 The authors of these reports suggested that the cardiac conduction disease was related to pulmonary hemosiderosis rather than to celiac disease. Dilated cardiomyopathy was a concomitant diagnosis noted in two other patients with celiac disease presenting with heart block. 10, 11 Several explanations for cardiac involvement in celiac disease have been proposed. These include nutritional deficiencies, abnor- mal intestinal permeability increasing the absorption of luminal antigens, and a direct autoimmune reaction targeting antigens present in both the myocardium and the small intestine. 12 A gluten-free diet is the mainstay of treatment in classic celiac disease. Patients usually experience near total resolution of gastrointestinal symptoms within weeks to months. In patients presenting with dilated cardiomyopathy associated with celiac disease, a small observational study documented improvement of left ventricular function in two of three patients after 28 months of adherence to a gluten-free diet. 13 However, in the case reports described earlier, a gluten-free diet did not improve the conduction disease in patients with celiac disease and dilated cardiomyopathy or heart block; the patients all required insertion of a permanent pacemaker at 12 to 22 months' follow-up.
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Conclusion
We report a challenging case of a 42-year-old woman presenting with high-grade heart block. Subsequent investigations revealed the presence of celiac disease, which was successfully treated, followed by almost complete resolution of her conduction disease. Although further study is needed to confidently establish a causal relation between celiac disease and conduction disease, clinicians should be aware of the association between celiac disease and cardiac diseases such as dilated cardiomyopathy or unexplained arrhythmia.
